Strain-based imaging techniques (and specifically speckle-tracking echocardiography) have been shown to have clinical utility in a variety of settings. This technique is being embraced and increasingly adopted in many echocardiography laboratories worldwide. This review appraised speckle-tracking echocardiography in a clinical context by providing a critical evaluation of the prognostic and diagnostic insights that this technology can provide. In particular, we discuss the use of speckle-tracking strain in selected areas, such as undifferentiated left ventricular hypertrophy, cardio-oncology, aortic stenosis, and ischemic heart disease. The potential utility of regional and chamber strains (namely segmental left ventricular strain, left atrial strain, and right ventricular strain) are also discussed. Future directions for this technology are explored.
motion. This is particularly useful in nonthinned segments. Second, in contrast to TDI-based strain, which measures deformations between time points (so-called "natural" strains), STE lends itself more readily to Lagrangian strain, which compares deformation to original length. "Normal"
strains are those that occur perpendicularly or orthogonally to the surface (as distinct from tangential "shear" strains). Normal strains include "longitudinal" strains that assess apex-base deformation measured from apical views and "radial" or "circumferential" strains measured from short-axis parasternal views.
WHAT IS THE OPTIMAL SPECKLE TRACKING TECHNIQUE?
Although there is no established gold standard method of assessing strain in vivo, STE has been validated in comparison with tagging harmonic phase cardiac magnetic resonance and sonomicrometry (7, 8) . Many of the published reports on strain have focused on global longitudinal strain (GLS) for several reasons: images obtained in the axial plane have superior resolution; the global value is obtained from mean values over the entire length of the myocardial wall, which adds robustness to this parameter; and there is a greater amount of myocardial tissue in the apical long-axis view than in the short-axis view of the nonhypertrophied heart. Although assessment of GLS is now routine practice in many echocardiographic laboratories, our experience with radial and circumferential strain analyses is that they are not sufficiently reproducible for routine clinical work.
NOMENCLATURE
By convention, positive values are consigned to lengthening, thickening, or clockwise rotation,
whereas negative values are consigned to shortening, thinning, or counterclockwise rotation. Greater degrees of deformation therefore translate to numerically lower strain values, which proved to be a source of confusion in early published reports on strain. To avoid any such misunderstandings, current guidelines recommend presentation of the numerical data or referring to change in deformation (increased strain ¼ more negative) (9, 10) . Speckle-tracking strain is an increasingly used echocardiographic technology that can provide additional (if not potentially incremental) clinical utility.
INTERPRETING STRAIN VALUES
Interpretation of speckle-tracking strain must take into consideration both technical and clinical sources of variability. This technology is a focus of much current research, with the prospect of exciting future developments that are eagerly awaited. 3D ¼ 3-dimensional.
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S e l e c t i o n o f t h e r e g i o n o f i n t e r e s t . Region of in-
terest options for GLS include endocardial, midwall (our preference), epicardial, or full-wall strain, but to date, there is currently no evidence that favors one A 20-year-old male patient presented with syncope. Echocardiographic findings were consistent with hypertrophic cardiomyopathy, including marked asymmetric septal hypertrophy as well as increased echo intensity in the basal to mid inferoseptum (A). Cardiac magnetic resonance using delayed gadolinium enhancement revealed near transmural septal scar (B). Strain imaging (C to F) showed markedly reduced septal strain values. Typical intervendor differences are demonstrated, here between a GE platform (C) and a Philips platform (D to F). Automated software tracking is not always reliable, in which case, manual selection of fiducial landmarks, segmental contouring, and/or a region of interest is paramount. Here, automated detection of the apex and lateral annulus were inaccurate, and the default region of interest was inappropriately narrow (D). Too wide a region of interest will also result in inaccurate strain values (E) versus optimal manual adjustments (F). ApL ¼ apical
definition over another (12) . GLS is highest in the endocardium and lowest in the epicardium (15) . Of note, endocardial GLS was reported by the task force when assessing intervendor global strain differences, as this was the only parameter that could be provided by all vendors (12) . From a technical perspective, if the region of interest thickness is set too wide, tracking may be impaired, and inclusion of the pericardium will result in a reduction of measured strain;
if the region-of-interest thickness is over-focused, strain variability may be increased. Of note, the papillary muscles should not be included in the region of interest. It is recommended that the software should explicitly state what region of interest is being measured, as well as the specific spatial extent (in pixels or millimeters) over which the data have been sampled (10) .
S e l e c t i o n o f t i m i n g . GLS compares baseline
lengths, generally set at end-diastole (the frame before the mitral valve completely closes; typically estimated using an electrocardiographic surrogate marker, such as the onset of the QRS complex) to a defined systolic length (either automatically detected or after manual frame selection of aortic valve closure, using the initial apical 3-chamber view) (10).
It is recommended that software programs allow for alteration of the end-diastolic time, which may be necessary in dyssynchronous hearts with conduction delay, should mitral valve closure and electrocardiography parameters dissociate; or when analyzing cardiac structures other than ventricles (e.g., atria). Exact systolic temporal definitions may have a major impact on strain measurements (17) .
Options include peak systolic strain (our preference and the default timing for most vendor software) and end-systolic strain, whereas others report peak strain (not isolated to systole and so may reflect "post-systolic" deformation occurring after aortic valve closure). Although the Task Force to standardize deformation imaging recommended use of end-systolic strain in their original definitions paper, it was actually peak systolic strain that was reported in their subsequent intervendor analysis document (10, 12) . Ventricle) study of 817 healthy volunteers (mean age: w36 years; 61% male), the overall mean fullthickness, peak systolic GLS (GE) was reported as À21.3 AE 2.1% (19) . In a 2014 Italian study of 260 Caucasian healthy volunteers (mean age: w44 years; 43% male), the mean full-thickness, peak systolic GLS (GE) was reported as À21.5 AE 2.0% (lower limits of normal or average: 2 SD was À16.9% for men and À18.5% for women) (20) .
AGE AND SEX DIFFERENCES. Significant age-related reductions in deformation have been reported (e.g.,
GLS
[GE] was À20.3% AE 1.9% in healthy subjects over 60 years of age versus À22.1 AE 2.4% in those <20 years of age; p < 0.01) (21) . Similarly, sex-related differences have been described, with lower deformation noted in male patients than in female patients across all age groups studied (19) .
HEMODYNAMIC FACTORS. GLS increases in response to early physiological heart rate increase in the setting of exercise in normal patients (22) . However, decreased values are found in the setting of pathological heart rate increase, most notably in sepsis,
where such decreases have been shown to have prognostic relevance (23) .
IMPACT OF CARDIOVASCULAR RISK FACTORS.
Higher mean blood pressure has been independently associated with lower values of deformation (decreased GLS and increased afterload are also evident in patients with aortic stenosis) (11, 24) . DIALYSIS. In a 2014 single-center prospective study of 107 dialysis patients (mean age: w65 years; 69% male), the mean full-thickness, peak-systolic GLS (GE) was reported as À11.4 AE 4.4% (31) . Mean EF was 62% AE 10%, serving to highlight the fact that systolic dysfunction measured using standard means may overestimate contractility in patients with LV hypertrophy, which is present in one-third of dialysis patients. Here, strain values were also found to be independent of intradialytic weight change (a surrogate of pre-load) and to show a significant correlation with survival. In patient with CA, earlier studies consistently demonstrate a significant reduction in GLS that is predictive of mortality (34, 35) . Typically, the EF-to-GLS ratio is approximately 3. In CA, morphological and functional remodeling may impose a dissociation in these parameters, and an EF-to-GLS ratio of >4.1 has been proposed as a means to distinguish CA from HCM (36) . Furthermore, differences not just in GLS but also in regional longitudinal strain have proven to be clinically very useful in patients with undifferentiated LV hypertrophy and specifically CA. A regional strain pattern termed apical sparing, quantified by a relative regional strain ratio (RRSR; defined as In patients with hypertension, GLS was significantly reduced compared with that in normal controls and was reduced even more in hypertensive patients with heart failure with preserved ejection fraction (48) .
In physiological hypertrophy/athlete's heart, GLS was noted to be significantly higher than that measured in patients with pathological hypertrophy related to HCM (49) .
CARDIO-ONCOLOGY
To date, treatment decisions within cardiotoxicity surveillance strategies are initiated and continued primarily on the basis of EF (50) . Increasingly, GLS is also being measured as part of such surveillance as an additional surrogate marker of cardiotoxicity with potential for cost effectiveness (51) . Of note, Myocardial Strain with testing often performed multiple times (>2 studies) has the potential to overlap cutoffs defining toxicity (50, 52) . Thus, rather than relying on interpretation of interval changes of a single parameter in an isolated fashion, it may be advantageous to have concomitant strain assessment, in addition to EF, to provide additional supportive data with regard to suspected cardiotoxicity (53) . Where there is discordance between parameters, it is important to first check the quality of the data (such as tracking), although repeat testing may ultimately be required in order to differentiate measurement variability from sustained real change.
Data supporting the initiation of cardioprotection for the treatment of subclinical LV dysfunction are limited (50) . Because rates of progression from subclinical LV dysfunction to symptomatic heart failure remain unknown, it is difficult to predict whether early intervention in these patients, which may lead to improvements in long-term clinical outcomes, is warranted on the basis of strain reduction alone (54).
In cancer survivors, strain abnormalities are not only common but appear to relate to both anthracycline therapy and overall radiotherapy dose (55) . Indeed, prospective studies are under way that will provide information specifically regarding potential radiation dose-response relationships between functional myocardial strain measurements and myocardialspecific radiation dosages (56) .
AORTIC STENOSIS. Major societal valve guidelines recommend surgery for patients with asymptomatic severe aortic stenosis if EF is <50% (Class I) (57) .
However, such patients have worse outcomes than those with preserved EF undergoing aortic valve replacement, including increased operative mortality clockwise compared with the regional wall motion plot.
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and worse long-term prognosis, and one-half of these patients do not recover normal EF post-operatively Collier et al. A 34-year-old woman presented with chest pain and was found to have complete heart blockage with stable junctional escape.
Echocardiography results were normal, apart from focally reduced basal inferoseptal strain (A). Cardiac magnetic resonance revealed a normal delayed gadolinium enhancement pattern (B), whereas a cardiac PET scan revealed a small focal area of enhanced fluorodeoxyglucose uptake in the basal inferoseptum (C), suggesting an underlying acute inflammatory myocarditis. PET ¼ positron emission tomography.
reported in patients with ischemia ( Figures 3 and 4) .
Strain imaging has also been demonstrated to facilitate a faster interventional strategy in patients with non-ST-segment elevation myocardial infarction and occluded coronary arteries (64) .
With regard to stress echocardiography, the clinical use of STE is limited, not least because of interpretative difficulties but also due to preferences for stress echocardiography contrast medium usage, which hinders GLS assessment.
In chronic ischemic heart disease, GLS correlated significantly with global infarct mass and was found to be superior to LVEF in the identification of small and medium-sized infarcts (65). Collier et al. Collier et al.
